Background: Biofeedback has been recommended for the treatment of anorectal disorders, especially constipation and fecal incontinence (FI). The objective of this study was to assess the long-term efficacy of biofeedback and evaluate baseline electromyography (EMG) as a predictor for maintenance of long-term improvement.
Introduction
Constipation and fecal incontinence (FI) are important anorectal disorders which can significantly impact quality of life [1, 2] .The use of biofeedback or "instrumental learning" has been well described in the treatment of these disorders [1, 3] . Consensus guidelines have recommended the use of biofeedback in the short-and long-term treatment of constipation and FI with 50-75% efficacy in the long term [1, [3] [4] [5] [6] [7] [8] .
With the high prevalence of anorectal disorders, attempts have been made to predict response to biofeedback. Prior studies have shown that age, depression scores, stool consistency and higher straining rectal pressure can affect response to biofeedback [9] [10] [11] . External anal sphincter electromyography (EMG) has been found to determine the presence of sphincter denervation and its use as a predictor has been evaluated in the short term [12, 13] . However, the use of EMG as a predictor for long-term efficacy of biofeedback has not been evaluated.
Our aim was to evaluate the long-term efficacy of biofeedback for anorectal disorders at a tertiary medical center that specialized in evaluation and treatment of anorectal disorders with the secondary aim to assess the role of surface EMG in predicting improved long-term outcomes. We hypothesize that patients with lower resting anal EMG values will demonstrate long-term improvement after biofeedback.
Materials and Methods

Biofeedback delivery
Historically, biofeedback at our institutions began with an explanation of the anatomy and function of pelvic floor muscles.
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Internal assessment of the pelvic floor muscles was done to correct exercise technique and assess muscles. An individualized home exercise program was prescribed. Participants were encouraged to progress exercises, with an aim of 10 times, 10-s maximum holds and up to 50 fast contractions three times per day. Furthermore, participants were taught how to contract the pelvic floor muscles against increases in intra-abdominal pressure and were encouraged to use this technique daily.
Biofeedback was performed using the SRS Orion PC/12M Multi-Modality Biofeedback System (Acmi Circon/SRS Medical, Feeding Hills, MA, USA) with an anal sensor protected by a rigid plastic anal cone, encased in a disposable condom, and inserted with aid of lubricant. The anal sensor was connected to a computer allowing for transmission of pressure readings in centimeters of water. Patients were taught the technique for contraction of the anal sphincters while watching real-time display on the monitor screen and a full set of exercises were performed during each treatment session. This system monitored the activity of the pelvic floor and accessory muscles, making it easier for patients to learn to isolate muscles and develop better control. Resting and contraction EMG values were measured at baseline and after at least two sessions of biofeedback in microvolts (µV).
Patient selection
In this study, we contacted subjects with a primary diagnosis of either chronic constipation or FI refractory to conservative management who underwent anal EMG with biofeedback between the years of 1990 and 2000. Participants were selected by random chart numbers. Subjects with anatomic defects based on imaging and physical exam were excluded. Eligible subjects had attended, at minimum, two one-on-one appointments for pelvic floor muscle training with biofeedback with a pelvic floor physical therapist. The primary outcome was long-term (at least 4 years) symptomatic improvement in predominant diagnosis after pelvic floor muscle training with biofeedback. This study was approved by the Institutional Review Board at University of Tennessee College of Health Science (formerly University of Tennessee-Memphis) and at University of Louisville and was conducted in compliance with the ethical standards of the responsible institution on human subjects as well as with the Helsinki Declaration, after obtaining informed consent from the study participants.
Subjects were contacted at approximately 4 years after their initial visit (range 4 -5 years) by telephone or letter. They were asked to describe if their symptoms were better (classified as improved) or either the same or worse (classified as not improved) (Supplement 1, www.gastrores.org). Subjects were then stratified by "improved" or "not-improved" and review of clinical charts was performed for patient characteristics as well as EMG values.
Statistical analysis
We tabulated descriptive statistics, reporting baseline demographics and clinical characteristics with means and standard deviation (SD), or medians and interquartile range (IQR) as appropriate. Categorical data are presented as number with proportions. Continuous data were compared using the independent samples t-test, and categorical data were compared using Chi-square test (Fisher exact tests if n < 5 for any category). Area under the curve (AUC) and its absolute change (AUC after -AUC before) as area of improvement (AOI) were analyzed and compared by paired t-tests and reported as mean and SD. All tests were two sided and P values < 0.05 were considered statistically significant. All statistical analyses were done using SPSS (IBM SPSS Statistics 25).
Results
During the study period, 41 subjects were contacted. Of these, 35 (85.4%) were women and six (14.6%) were men. The mean age was 48.95 ± 15.46 (range 22 -77 years). The primary indication for biofeedback was constipation in 27/41 (65.9%), 9/41 (22%) reported FI and 5/41 (12.1%) reported other (3/41 reported diarrhea and 2/41 reported anal pain). Long-term improvement was noted in 61% (25/41) while 39% (16/41) reported feeling the same or no improvement. Within the patients who reported constipation as their primary complaint, 55.6% reported maintaining their improvement long term as compared to 66.7% of FI and 80% of the other patients (Table 1) .
There was a borderline difference in the baseline resting EMG values between the groups (3.11 ± 1.85 µV, improved vs. 7.41 ± 11.01 µV, not improved, P = 0.06) but no significant difference in baseline contraction EMG (7.08 ± 5.03 µV, improved, and 7.79 ± 10.47 µV, not improved, P = 0.77). There was also no significant difference in post-exercise resting EMG (3.13 ± 3.21 µV, improved, and 4.28 ± 3.63 µV, not improved, P = 0.33) or contraction EMG (6.39 ± 6.41 µV improved, and 6.61 ± 6.38 µV, not improved, P = 0.92) ( Fig. 1 ).
Discussion
Although biofeedback for the treatment of anorectal disorders has been in use since the 1970s, data about the long-term efficacy are still inconsistent and provide mixed evidence [1, 3] . Traditional data has recommended the use of biofeedback in patients with dyssynergic constipation although some shortterm efficacy has been found in patients with slow-transit constipation [4] . Our patient population consisted of a mix of idiopathic, dyssynergic and slow-transit patients since the only exclusion criteria was anatomic abnormalities. Despite this, we noted over 55% improvement in the long term consistent with other studies, suggesting that the use of biofeedback may be expanded to other populations beyond dyssynergic constipation [4] .
The long-term efficacy of biofeedback for FI is more contentious with poor quality studies [1] . Furthermore, the definition of long term is inconclusive with studies reporting 1 -5 years as long-term data [6, 8] . Mazor et al reported a 54% improvement at 7 years as compared to the 75-80% improvement seen at 4 -5 years suggesting a definite decrease in results Anal EMG and Pelvic Floor Retraining Gastroenterol Res. 2019;12(5):252-255 over time [6, 7, 14] . Our study found a 67% improvement at 4 years after biofeedback confirming the long-term efficacy of biofeedback in the treatment of FI.
To improve allocation of resources, studies have looked at the variables which predict response to biofeedback. While age, stool consistency and depression scores all play some roles, the impact of baseline EMG has been debated [9] [10] [11] [12] . Lacima et al found that subjects who demonstrated clinical improvement had higher baseline resting and contraction pressures although these results were not significant [12] . In this study, we found a borderline significant difference with those who reported long-term efficacy demonstrating lower baseline resting pressures. This difference was no longer visible after biofeedback contractions. In our population, baseline contraction pressures were similar between the groups and there was no significant difference in post-exercise contraction values between the groups.
Our study has several limitations. Participants in this study underwent biofeedback in the 1990 -2000 and were contacted between 2004 and 2005, thus limiting us to the technology and non-validated questionnaires available at that time. The retrospective nature of this study limited our ability to obtain other pertinent characteristics and is subject to information and data collection biases from patients or providers. Additionally, records were not available for all the patients limiting sample size. The strengths of our study lie in the standardization of biofeedback offered to all our patients especially since biofeedback was performed by the same physical therapist. The long follow-up also allowed us to assess efficacy in the long term and added to existing literature about long-term results in patients with anorectal disorders not limited to isolated constipation or FI.
In conclusion, our study found long-term efficacy in the use of biofeedback for constipation (55%) and 67% in FI consistent with other studies. EMG was not useful in predicting successful outcomes, but we did find a borderline significant lower resting baseline in patients who reported improvement of symptoms at least 4 years after biofeedback therapy. While biofeedback continues to be an important modality in the treatment of anorectal disorders, larger studies are needed to assess the use of EMG to predict and improve response.
